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In "Notes on Asthma" published in 1873,
John Thorowgood stated that "daily exercise
in the open air should not be neglected, and
several cases testify to the effect of a steady
walk in preventing an attack of asthma even
when it already threatens". Similarly, Salter
(1868) suggested that he was "puzzled by the
fact" that exercise appeared to help some of
his patients. From what we know today, it
may be suggested that these patients were in
fact, benefiting from the hronchodilation
caused by exercise.
Early investigation into the effect of exer-
cise on patients with asthma showed that in
some patients exercise caused a decrease in
airways resistance, that is, bronchodilatation;
while in others there was an increase in air..
way resistance, or bronchoconstriction (Pear-
son, 1952; Engstrom, 1960; McIlroy, 1956).
The first comprehensive explanation of
these two opposing effects of exercise in
asthmatic subjects was detailed by Jones et al..,
1962, who suggested that "the apparent lack
of uniformity was due to the choice of an
unsuitable duration or level of exercise". They
studied the effect of brief and prolonged
exercise on a group of asthmatic children and
showed that exercise of a short duration re..
suIted in an increase in forced expiratory
volume in one second (FEV1 ) following exer-
cise, whereas prolonged exercise resulted in a
transjent but significant reduction in FEV!.
In later investigations of 97 children,
Silverman (1973) showed that there was a
significant inverse correlation between the
rise in peak expiratory flow rate (P.E.F.R.)
expressed as a percentage of the resting value
and the degree of airways obstruction present
at rest.
Thus, patients with a greater degree of air..
ways obstruction at rest had a greater increase
in P.E.F.R. during the first few minutes of
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exercise. These observations would appear to
have some clinical importance in the practice
of physiotherapy.
We therefore decided to investigate the
effects of short-term running exercise with
and without bronchodilator therapy, in order
to determine the extent and duration of exer-
cise induced bronchodilation and its possible
usefulness in the physiotherapy of asthmatic
patients.
PATIENTS AND METHODS
A total of 34 asthmatic patients whose ages
ranged from 7-46 years were investigated.
The patients were divided into two groups.
Each group performed one of the following
protocols:
A.-Investigation of the effects of
(i) Ii minutes exercise alone on II
subjects,
(ii) Bronchodilator aerosol alone on
the same 11 subjects plus 3 ad-
ditional subjeets,
(iii) Ii minutes exercise and hroncho..
dilator aerosol, followed by a fur..
ther I! minutes exercise on the
same 14 subjects as in (ii).
Studies (i) and (iii) were performed on the
same day, Study (ii) was performed on a
separate day.
B.-Twenty subjects performed an 8 minute
exercise test; 15 minutes after cessation of
exercise they ran for another minute; a
bronchodilator aerosol was then administered
and 5 minutes later a further 1 minute run
was performed.
The running exercise was performed on an
Avionics treadmilL The slope and speed of
the treadmill were varied in order that each
patient reached a heart rate of at least 150
beats/minute within Ii minutes. Broncho-
dilator aerosol was used (Alupent or Ven-
tolin) in the prescribed dosage (2 puffs).
Changes in airnrays resistance were mea...
sured using a Wright Peak Flow Meter
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(Airmed). The peak expiratory flow rate
(P.E.F.R.) was measured at least three times
and the highest value was recorded. Measure-
ments were made at rest, during and for 10-25
minutes after exercise or bronchodilator
therapy.
Values for predicted normal P.E.F.R. were
taken from Cotes (1968) for adults and
Godfrey et ale (1970) for children. Statistical
analysis was made using a paired t ..test.
RESULTS
Protocol A
There was no significant difference hetween
the initial values for P.E.F.R. observed be..
fore each of the three studies. Maximum
changes in P.E.F.R. and in percent of pre..
dieted normal values during the studies in
Group A are summarized in Figures 1 and 2.
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Study I
Bronchodilatation occurred during Ii
minutes of running exercise and there was a
significant increase in P.E.F.R. above the
resting level in all subjects (mean 38 }jmin).
However, this bronchodilatation was not
maintained. Following exercise there was a
fall in P.E.F.R. below the resting level, in
all except two subjects.
Study II
Following the administration of the bron-
chodilator aerosol there was an increase in
P.E..F.R. in all subjects. The mean maximum
increase was 51 l/min.
Study III
When short-term running exercise (Ii
minutes) was followed by a bronchodilator
aerosol plus a further Ii minutes exercise 10
minutes later, the mean maximum increase in
P.E.F.R. for the group was 74 l/min. This
rise in P.E..F.R. was statistically significantly
greater than the increases in P.E.F.R. observed
in the first two studies. The maximum values
for P.E.F.R. in Study III, in the period after
the bronchodilator aerosol was taken, were
recorded within 3 minutes for half the group,
the remainder reaching their maximum values
within 8 minutes.
Protocol B
Mean maximum changes in P.E.F.R. and in
percent of predicted normal values observed
during and after exercise and after exercise
plus bronchodilator therapy in Group Bare
illustrated in Figure 3. Bronchodilatation
occurred during exercise but following exer-
cise there was a dramatic and significant fall
in P.E.F.R.
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This fall was totally reversed by further
exercise and bronchodilator therapy. The time
taken for total recovery (that is, to a value
above the initial value) was 7 minutes.
DISCUSSION
The results of this study would suggest that
although brief exercise causes bronchodila..
tation, the fact that the hrollchodilatation is
not maintained makes it of no therapeutic
value alone.
The airways obstruction present at rest in
these asthmatic subjects was shown to be
reversed to a greater extent and more rapidly
with a combination of exercise and hroncho..
dilator aerosol therapy than with exercise
alone or bronchodilator alone.
Therefore, a combination of exercise and
bronchodilator therapy would seem to be a
practical and educational way to investigate
the degree to which resting airways obstruc..
tion may he reversed in an asthmatic patient.
While the majority of patients may be
expected to respond to exercise plus broncho..
dilator aerosol with a decrease in airways
resistance, failure to respond in this manner
is of great clinical importance in the treat..
ment of the chronically severe asthmatic.
If this simple therapy does not result in
bronchodilatation, it implies that an element
of fixed airways obstruction is present (for
example, mucous plugging and mucosal
oedema) and that the patient may need more
vigorous physiotherapy and chemotherapy.
The rapid action of the combination of
exercise and bronchodilator therapy in re-
versing resting airways obstruction may he
of great value before techniques of postural
drainage and percussion are performed, since
these manoeuvres will be more effective if the
airways are maximally dilated. The prior
administration of bronchodilator therapy
would block the fall in P.E.F.R. or FEV1
often observed after these techniques of
physiotherapy.
The results of Protocol B clearly indicate
that this therapy is also extremely valuable in
reversing an attack of asthma due to exercise.
Asthmatic patients who are active (children
at playtime or adults involved in sporting
activities) may find themselves in this situa..
tion if they have not taken a bronchodilator
aerosol prior to the activity..
The time taken for recovery (7 minutes)
from significant bronchoconstriction, by using
exercise plus a bronchodilator aerosol, was
less than that usually quoted for the maxi-
mum action of a bronchodilator alone. This
rapid reversal of bronchoconstriction would
suggest that exercise induced asthma is due
to smooth muscle spasm rather than mucosal
oedema.
It is felt that exercise preceding an aerosol
bronchodilator gives the greatest and most
rapid rise in P.E.F.R. for two reasons. Firstly,
the initial bronchodilatation due to exercise
may increase the inspiratory capacity and
allow a greater deposition of aerosol in the
airways distal to the trachea. Secondly, exer..
cise increases perfusion to the upper lobes
and the ventilation/perfusion inequality ob..
served at rest in asthmatic patients is partially
reversed on exercise (Anderson et al., 1972).
Administration of a bronchodilator aerosol,
at a time when ventilation and perfusion are
increased because of exercise, may thus result
in a greater bronchodilating effect.
The mechanism by which exercise induces
a transitory fall in airways resistance (that
is, bronchodilatation) is unclear. There are
several possibilities.
Firstly, adrenalin is liberated during
exercise and this may cause an increase in
sympathetic activity and thus bronchodila-
tation. Following exercise, as the level of
adrenalin returns to normal, so exercise in..
duced bronchodilatation disappears.
A second possibility is that exercise di..
minishes the normal parasympathetic tone of
the airways mediated via the vagus nerve,
in this way allowing bronchodilatation. This
possibility has been supported by some evi-
dence that normal people bronchodilate when
performing brief exercise (Kagawa and Kerr,
1970) .
While hronchodilatation caused by exer..
cise occurs when the sympathetic nervous
system has been blocked (for example, with
propranolol) it does not occur when the
vagus nerve is blocked (for example, with
atropine) .
We have investigated the effect of
SCHIOOO, an aerosol atropine-type drug, in
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a number of asthmatic patients and have
shown that bronchodilation occurs at rest.
This suggests that parasympathetic activity
was present at rest in these subjects.
However, it is difficult to separate clearly
the effects of parasympathetic and sym..
pathetic activity during and after exercise in
the asthmatic patient.
We intend to do further studies using
SCHIOOO to try to establish whether the
bronchodilatation caused by short-term exer-
cise is a result of decreased parasympathetic
activity. In the long term, understanding this
mechanism may help us to use the broncho-
dilatation caused by brief exercise alone as a
more therapeutically beneficial tool in the
treatment of asthma.
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